Quantification of hepatitis C virus (HCV) RNA has become an important issue in the evaluation of patients with chronic hepatitis C. It is well established that, in patients with chronic hepatitis C, the response to alpha interferon therapy is correlated to serum HCV RNA levels before therapy (2, 13, 14) . A low viral load (less than 2 ϫ 10 6 RNA copies/ml) is a strong predictor of a sustained response to therapy. Furthermore, recent studies have shown that the duration of combination therapy might be modulated according to pretreatment viral load and HCV genotype (3, 6, 16, 20) , recommending a longer duration of therapy (12 months) in patients with a high viral load (Ͼ2 ϫ 10 6 RNA copies/ml) who are infected with HCV genotype 1. Thus, the assessment of viral load is helpful for monitoring antiviral drug therapy. Consequently, quantification of serum HCV RNA levels needs to be specific, accurate, reproducible, and standardized in order to provide an accurate prediction of treatment response and comparisons between the clinical studies. Commercial standardized assays have been developed for the evaluation of viral load using either competitive reverse transcription (RT)-PCR (21) or direct quantification with the branched DNA (bDNA) assay (9) . The firstgeneration assays showed limited accuracy with marked genotypic variability (7, 10, 12, 18) . Recently, significant progress has been made with the introduction of the QUAN-TIPLEX HCV bDNA second-generation (bDNA v2.0) assay (4) and the AMPLICOR HCV MONITOR version 2.0 assay (17), a well-calibrated, more-sensitive, and non-genotype-dependent (4, 17, 18) assay which is now available in a semiautomated quantitative RT-PCR version, the COBAS HCV MON-ITOR version 2.0 (COBAS v2.0) assay (1a, 5, 21) . The aim of our study was to evaluate, with pretreatment serum samples, the clinical relevance of the new semiautomated system CO-BAS v2.0 assay modified to quantify all HCV genotypes equally, in comparison with the AMPLICOR HCV MONI-TOR version 1.0 (AMPLICOR v1.0) and the bDNA v2.0 assays routinely used in our center.
MATERIALS AND METHODS
We analyzed 174 serum samples. Ninety-four samples, tested retrospectively, were from patients enrolled in a controlled trial for the treatment of chronic hepatitis C; 80 samples, tested consecutively, were from patients diagnosed with chronic hepatitis C, prior to beginning therapy.
Direct RNA quantification. The bDNA v2.0 assay was used according to the manufacturer's instructions (QUANTIPLEX HCV RNA v2.0; Bayer, Puteaux, France). The concentration of HCV RNA in each clinical specimen was calculated from the standard curve created with the four standards (RNA transcripts) included in each assay run. Results are expressed as HCV RNA genome megaequivalents per milliliter. The linear dynamic quantification range of the assay was between 0.2 and 120 Meq/ml (4) .
RT-PCR quantification. The AMPLICOR v1.0 assay was used according to the manufacturer's instructions (Roche Diagnostics Systems). The results are expressed as the number of RNA copies per milliliter. The linearity of the assay range was between 10 3 and 5 ϫ 10 5 RNA copies/ml (21).
Semiautomated RT-PCR quantification. The COBAS v2.0 assay was used according to the manufacturer's instructions (Roche Diagnostics Systems). The principle of the assay is similar to that of the AMPLICOR v1.0 assay (17) . The AMPLICOR v1.0 assay provides manual serum HCV RNA extraction, automated RT-PCR, and detection and calculation of the number of viral RNA copies. The linearity of the assay range was between 10 3 and 10 6 RNA copies/ml (1).
Genotyping of HCV. HCV genotyping was performed using reverse hybridization with the line probe assay (InGeN, Rungis, France) (22) .
Statistical analysis. For the analysis, logarithm transformation (log 10 ) was used for all data. The bDNA v2.0 assay was used as a comparison assay. The results are shown as geometric means and ranges. Correlations between the assay values were calculated by regression analysis. The Spearman rank correlation coefficient test was used to evaluate the correlations between the quantitative values. The level of statistical significance was set at P Ͻ 0.05.
RESULTS
A total 100, 100, and 98% of the samples had detectable serum HCV RNA levels with the AMPLICOR v1.0, COBAS v2.0, and bDNA v2.0 assays, respectively. The geometric means were 0.261 ϫ 10 6 RNA copies/ml (range, 0.001 ϫ 10 6 to 2.5 ϫ 10 6 RNA copies/ml), 3.03 ϫ 10 6 RNA copies/ml (range, 0.023 ϫ 10 6 to 72.6 ϫ 10 6 RNA copies/ml), and 4.91 Meq/ml (range, Ͻ0.200 to 49.5 Meq/ml) for the AMPLICOR v1.0, COBAS v2.0, and bDNA v2.0 assays, respectively.
Quantification of HCV RNA with the COBAS v2.0 assay. The linearity of the assay was measured with serial dilutions of serum samples for HCV genotypes 1a, 1b, 2, 3, and 4. The results showed linearity ranging between 10 3 and 10 6 RNA copies/ml for each HCV genotype (Fig. 1) . In order to evaluate the proportion of serum samples with levels above 10 6 RNA copies/ml, 40 samples were quantified undiluted and with a 1/100 dilution. A total of 33 of 40 (82%) of the samples had a titer above 10 6 RNA copies/ml when measured before dilution. After dilution, none of the samples had a titer above 10 6 RNA copies/ml, and 2 of 40 (5%) had titers below 10 3 RNA copies/ml and had to be retested in undiluted form. All the samples showed a higher titer when measured after dilution, with 2.20 ϫ 10 6 and 4.8 ϫ 10 6 RNA copies/ml in undiluted and diluted samples, respectively (P ϭ 0.001). Consequently, in order to have titers measured within the linear range of the assay for the study, all the samples were measured after a 1/100 dilution.
Comparison of AMPLICOR v1.0 and COBAS v2.0 assays. A comparison between the two assays was performed retrospectively with pretreatment serum samples of 94 patients enrolled in a controlled trial. The geometric means of the serum HCV RNA levels were 0.261 ϫ 10 6 RNA copies/ml (range, 0.001 ϫ 10 6 to 2.50 ϫ 10 6 RNA copies/ml) and 4.032 ϫ 10 6 RNA copies/ml (range, 0.026 ϫ 10 6 to 72.6 ϫ 10 6 RNA copies/ml) with the AMPLICOR v1.0 and COBAS v2.0 assays, respectively. The viral load measured with the two assays showed a poor correlation (r 2 ϭ 0.175) (Fig. 2) . The correlation between the two assays for each HCV genotype is shown in Table 1 . For each HCV genotype, the geometric mean serum HCV RNA level measured with the AMPLICOR v1.0 assay was more than 1 log unit lower than when measured with the COBAS v2.0 assay ( Table 1) . The difference was more marked for HCV genotypes 2 and 3, with a mean factor of 21 and 30, respec- Comparison of COBAS HCV MONITOR v2.0 and bDNA v2.0 assays. The comparison between the two assays was performed with 174 serum samples (94 pretreatment serum samples measured retrospectively and 80 serum samples measured consecutively before the initiation of therapy). The 174 serum samples were diluted (1/100) for quantification with the COBAS v2.0 assay. After dilution, none of the samples was measured above the high end of the assay (10 6 RNA copies/ ml); 132 of 174 (76%) samples showed a viral titer of Ͻ10 6 RNA copies/ml, and 4 of 174 (2%) samples were measured below the low end of the assay (10 3 RNA copies/ml) and had to be retested undiluted. The geometric means of serum HCV RNA levels were 3.03 ϫ 10 6 RNA copies/ml (range, 0.023 ϫ 10 6 to 72.6 ϫ 10 6 RNA copies/ml) and 4.91 Meq/ml (range, 0.200 to 49.5 Meq/ml) with the COBAS v2.0 assay and the bDNA v2.0 assay, respectively. The two assays are highly correlated (r 2 ϭ 0.686) (Fig. 3) . The relationship between values obtained by both assays generated the following equation: log 10 bDNA ϭ 0.314 ϩ 0.918 log 10 COBAS. For each HCV genotype, a good correlation was observed between the two assays, and the geometric means of serum HCV RNA levels were similar (Table 2) .
DISCUSSION
Access to reliable assays to measure viral load are useful to clinicians, as it appears that pretreatment serum HCV RNA levels either alone or in combination with HCV genotype can be used to predict therapeutic response to interferon or combination therapy in patients with chronic hepatitis C (2, 3, 6, 13, 14, 16, 20) . Likewise, HCV genotype has been implicated as a factor predictive of response to interferon therapy (2, 3, 6, 13, 14, 15, 16, 20) . As HCV genotypic variability may influence the efficiency of HCV RNA quantification, one obstacle to understanding the clinical relevance of HCV genotype and viremia levels has been, until recently, the lack of a reliable method for HCV RNA quantification. Indeed, the first-generation quantification assays were HCV genotype dependent, since most had primers and probes based on the originating HCV prototype strain (i.e., HCV genotype 1) until the genetic diversity of the HCV genome became clear (12, 14, 20) .
The bDNA assay has been recently refined with target probes designed to overcome the consequence of HCV genotypic variability and to achieve equal quantification of all HCV genotypes, as compared to the first-generation assay, which underestimated HCV genotypes 2 and 3 (4, 10, 12, 19) .
Reduced amplification efficiency in the AMPLICOR v1.0 assay (8) results from secondary structures that could form at relatively low annealing and extension temperatures employed in the AMPLICOR v1.0 assay. Adding dimethyl sulfoxide to the reaction mixture and modifying the thermal cycling conditions in the AMPLICOR HCV MONITOR VERSION 2.0 assay most likely promotes unfolding of these secondary structures, resulting in an improved amplification efficiency. These modifications result in equal quantification of each HCV genotype (17) (17) with RNA transcripts. Furthermore, in our study the titers obtained with the COBAS v2.0 and the bDNA v2.0 assays with clinical samples are similar, suggesting that the two assays are equivalently calibrated. Overcoming the consequences of HCV genotypic variability was a real challenge, since HCV genotypes other than 1a and 1b are found in roughly 30 to 40% of patients with chronic hepatitis C in the United States and in western Europe (11, 15) , and the EASL International Consensus Conference on Hepatitis C has recommended the duration of therapy be modulated according to HCV genotype and level of viremia (6) .
Despite the difference in low-end quantification limits defined for the bDNA v2.0 assay (0.2 Meq/ml) and the COBAS v2.0 assay (3 ϫ 10 3 RNA copies/ml), the abilities of the two assays to identify viremic patients were quite similar (98 and 100%). The high-end limit for the COBAS v2.0 assay (10 6 RNA copies/ml) requires a dilution step for a large number of samples (82% in our study) in order to obtain an accurate quantification, while the bDNA v2.0 assay is able to quantitate up to this limit. Since the majority of the patients eligible for therapy have a viral load of Ͼ10 6 RNA copies/ml and since a cutoff value of 2 ϫ 10 6 RNA copies/ml (representing 60 to 76% of the patients) is recommended for determining the duration of therapy (3, 6, 20) , the addition of a standardized dilution step in the COBAS v2.0 assay by the manufacturer would avoid the risk of interlaboratory discrepancies. Finally, our study suggests that in clinical practice, the assessment of patients with chronic hepatitis C before antiviral therapy makes a highamplitude range for a quantitative assay more relevant than one with a low sensitivity.
Both the COBAS v2.0 and bDNA v2.0 assays are suitable for assessing patients with chronic hepatitis C before therapy and for evaluating treatment regimens. This new approach of serum HCV RNA quantification will lead to a better standardization and comparison of controlled trials of chronic hepatitis C treatments.
